as the amount of ZnO in the samples increases. The optical band gap shows that the optical band gap rises due to direct forbidden transition. ZnO-SiO 2 glass system has variety of applicable characteristic because it possesses high level of chemical inertness for variety of chemical applications and it also gives various color emission which can be used in the plasma display panels (PDPs) and cathode-ray phosphor.
Introduction
Zinc silicate (ZnO-SiO 2 ) glass system is some type of amorphous glass which consist high contents of ZnO in its structure and is of interest because of its vast amount of applications ranging from technical glasses, optical glasses and glass-ceramics [1] [2] [3] . It has grabbed the attention of many researchers because of its enormous applicable characteristic because it possesses high level of chemical inertness for variety of chemical applications and electrochemical coupling where improves the efficiency of acoustic and electrical energy in piezoelectric materials [4] . Not only that, ZnO-SiO 2 glass can be doped with strontium oxide (SrO) to form high temperature sealant applications as SrO increases the melting point of the overall strontium zinc silicate glasses [5] . ZnO-SiO 2 glass can also be incorporated as transparent conducting oxide buffer in the production of semiconductor film solar cells and other applications in nano-electronic devices as it is an a semiconductor (ZnO)-insulator (SiO 2 ) geometry [6] . Next, addition of transition metal or rare earth ions into ZnO-SiO 2 glasses system gives various color emission which can be used in the plasma display panels (PDPs) and cathode-ray phosphor [7] .
ZnO based glass are drawing more attentions day by day because of their interesting optical, electrical and magnetic properties in combination with its non-toxicity, Abstract Zinc silicate (ZnO-SiO 2 ) glass system were fabricated using melt-quench method with zinc oxide (ZnO) and white rice husk ash (WRHA) with compositions of (ZnO) x (WRHA) 1−x where (x = 0.55, 0.60, 0.65 and 0.70 wt%). Energy Dispersive X-ray Fluorescence (EDXRF), X-ray diffraction (XRD), Fourier Transform Infrared (FTIR) spectroscopy and UV-Visible (UV-Vis) absorption spectroscopy were used to investigate the structural and optical properties of the samples. From XRD measurement, only one sample is glass and others were in crystalline form as WRHA is used to replace silica (SiO 2 ). This is because WRHA possess nucleating agents in its composition and this causes the samples to be highly crystalline. ZnO in the other hand is a highly crystalline material and encourages the formation of crystalline phase in the samples. FTIR analysis shows that the non-bridging oxygen's (NBO's) are formed environment-friendly and low cost thus causing these glass to be beneficial and valued heavily by the industry and researcher [8, 9] . Not only that ZnO plays an important role for skeletal system, proliferation of bone cells, enzyme regulation and DNA replication and glasses with high ZnO possesses more compressive strength and aqueous durability [10] . SiO 2 glasses with high dopant of ZnO has a lower band gap compared to silicate glasses with lower amount of ZnO and shifting between network former and modifiers is also very easy because of the influence of ZnO and this characteristic makes ZnO remarkable [11] [12] [13] [14] .
Furthermore, WRHA is acquired to substitute silica acts as ideal substituents for silica as it contains high concentration of silica and high concentration of silica can be obtained after incineration of rice husk (RH) to form white rice husk ash (WRHA) at 1000 °C [15] [16] [17] . Not only that, production of WRHA from RH is cheaper compared to cost to produce conventional silica [18] . Not only that, using WRHA will contribute in the progress of tackling environmental issue as smoke from the scorching of RH remains suspended in air as farmers would burn their unwanted RH in open air [19] .
In this study, the composition of WRHA and ZnO has been varied to study the compositional dependency on the structural and optical characteristic of ZnO-SiO 2 glass for variety of compositions. Next, the relationship on the amount ZnO which influences the structural and optical band gaps were also examined and studied.
Experimental

Preparation of WRHA
Rice husk (RH) in this experiment was obtained from the local rice factory which is located at Tanjung Karang, Selangor, Malaysia. Species of the RH obtained is Oryza sative (Asian rice) which is vastly cultivated in all over Asia. Samples of RH obtained is rice which is already been milled and is stored indoor in the factory compound to reduce contamination and impurities caused by surroundings. After obtaining RH, the RH is vetted to remove contaminations such as sands, rocks and rice straws. Next, the RH is washed to remove dirt and possible contaminations as RH is in contact with sands and it is soaked in water for 2 h in a large container to have the dirt's and sands submerged to the bottom of the container. Clean RH can be obtained as it floats on the surface of water and the RH is obtained is transferred to a plastic siever to dry the RH and a piece of large aluminum foil is used to cover the RH to reduce contaminations from surroundings while leaving it for 24 h to dried at room temperature. On the next day, the RH samples were transferred to an electrical oven to be dry at100 °C for 24 h to obtain a fully dried RH. Then, 500 g of the RH is transferred to a ceramic crucible and distributed evenly so that the combustion of RH to WRHA can be performed evenly. Ceramic crucible chosen must be flat as it provides a complete homogeneous burning to the RH to form WRHA at1000 °C for 2 h. RH is burned is at a heating rate of 10 °C/min and the changes in color of the WRHA produced is observed. WRHA samples obtained are analyzed using EDXRF, XRD and FTIR to confirm its structural properties.
Glass and glass-ceramic preparation
In this study, WRHA is used to substitute silica in the fabrication of zinc silicate samples with the chemical formula of (ZnO) x (WRHA) 1−x (x = 0.55, 0.60, 0.65 and 0.70 wt.%) and symbolize as S1, S2, S3 and S4, using melt-quench method. The mixtures of the samples are milled for 24 h to obtain a homogeneous powder. Conventionally, silica glasses belong to the groups of glass with high melting point. With substitution of WRHA replacing conventional silica, a new approach is being done with melting the samples at 1450 °C for 2 h. As all the samples were successfully melted, the crucible which contains the melted sample were removed from the furnace using a clamp and the molten samples is poured into a stainless steel mold preheated at 500 °C. The sample undergoes annealing process at 500 °C for 5 h. After the annealing process, the samples is grinded using a mortar and plunger to obtain fine powder (<45 μm).
Characterization
The compositions of the glass and glass ceramic samples are confirmed using EDXRF diffractometer (Shimadzu, EDX-720). XRD is acquire to confirm the amorphous nature of the sample by using Shimadzu X-ray diffractometer (Shimadzu, XRD-6000) from 20° to 80° in the range 2θ range in conditions of 0.02° per-step with monochromatic X-ray from the copper Kα radiation. FTIR analysis in this study uses (Thermo Nicolet, Nicolet 6700) to investigate the functional group present in the sample obtained and also the functional group of the WRHA. UV-Vis of the samples is performed by obtaining the optical absorption spectra using a UV-Vis spectrophotometer (Shimadzu, UV-3600) in the range of wavelength from 300 to 800 nm.
Results and discussion
Rice husk
Chemical composition of the WRHA was analyzed using EDXRF and the chemical composition of the WRHA and samples produced were tabulated in [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] .
XRD of the WRHA samples shows cristobalite crystalline phase were obtained and shown in Fig. 1 . Four major peaks is identified at 2θ = 21.82°, 28.26°, 31.26° and 36.05° their respective (h k l) are (1 0 1), (1 1 1), (1 0 2), and (2 0 0) and peak at 2θ = 21.82° clearly indicates the presence of SiO 2 in the WRHA with cristobalite phase as indicated by the absence of significant sharp peaks based on Joint Committee on Powder Diffraction Standards (JCPDS) no: 39-1425 [19, 22, 23] . XRD of the WRHA sample produced is in consistent with the reference WRHA produced with traces of quartz at 2θ = 21.82° [24] [25] [26] .
FTIR is used to determine the functional group of a compound. It basically makes use of infrared spectra of absorption or emission of a solid, liquid or gas to obtain the infrared spectrum. In this study the functional groups of the base and samples were characterized using FTIR in the wavenumber ranging from 400 to 4000 cm −1 . Next the spectrum produced consist of two major parts with small peaks which ranges from 1300 to 4000 cm −1 and the main sharp distinctive peak which ranges from 400 to about 1300 cm −1 . Based on the FTIR absorption spectra of pure WRHA obtained shown in Table 2 and Fig. 2 , we have identified the total of five peaks which arises from WRHA and these are 1058.72, 786.39, 620.28 and 400.00 cm −1 . First and foremost, for the peak at 1058.72 cm −1 , it is suggested to be Si-O-Si asymmetric bond and it is probably due to the bonding change around the SiO 4 tetrahedral [27, 28] . Next, the peak at 786.39 cm −1 is identified to be symmetric stretching vibrations of Si-O-Si bonds [19, 29] . Furthermore, based on a research done by Lee et al. [19] , the peaks at 620.28 cm −1 are found to be crystalline cristobalite indicating that silica present in WRHA has some trace of crystalline [19] . Last [19, 30, 31] .
Zinc silicate glass and glass ceramic
Samples of ZnO-SiO 2 glass frits were successfully melted and are poured into a stainless steel mold which is at 500 °C and is annealed at 500 °C for 5 h while the remaining sample is poured into the same stainless steel base holding the mold and is annealed at the same condition. Most of the samples were milky, white in color, bubble-free and homogeneous. Color of the samples produced becomes milky with increase in ZnO indicates the homogeneous nucleation of ZnO in the samples [32] .Only one glass samples produced are in amorphous form while the other three are in crystalline form and the degree of amorphous decreases as the amount of ZnO increases.
EDXRF analysis for the ZnO-SiO 2 samples is being performed and nine oxides with primarily ZnO and SiO 2 in the composition with six small traces of unknown oxides such as potassium oxide (K 2 O), aluminium oxide (Al 2 O 3 ), calcium oxide (CaO), magnesium oxide (MgO), sodium oxide (Na 2 O), iron(III) oxide (Fe 2 O 3 ) and copper(II) oxide (CuO). EDXRF of the glass samples in Table 3 shows that, as ZnO in the glass system increases, the composition of EDXRF data of the ZnO-SiO 2 samples obtained correlates with the mixture of ZnO and WRHA in the samples as the major elements ZnO and SiO 2 present is within the range of predicted value. First of all, the sample S1 has 53.83 wt% of ZnO and 43.02 wt% of SiO 2 and is very near to the theoretical value of ZnO present in the samples which is 55.00 wt%. Not only that, samples S2, S3 and S4 produced is also very near to its theoretical ZnO value which is 60.00, 65.00 and 70.00 wt% and also its predicted value of SiO 2 correlates with the amount of SiO 2 that should be in the sample.
The XRD of the ZnO-SiO 2 samples were obtained and shown in Fig. 3 . Only sample S1 is successfully to be in fully amorphous while samples S2, S3 and S4 have sharp peaks which indicates a crystalline phase. Phase analysis of other samples S2, S3 and S4 matches very well with the standard values from the Joint Committee on Powder Diffraction Standards (JCPDS) no: 37-1485, which can be Fig. 2 FTIR of Fig. 4 , the melting temperature of ZnO-SiO 2 binary system is optimum at composition of 55-58 wt% of ZnO and has the lowest melting point which is at 1432 °C and by using 1450 °C to melt all the samples in this experiment, a sample of amorphous ZnO-SiO 2 glass is successfully fabricated and three other samples fabricated were in crystalline form [33, 34] . Last but not least samples with high amount of ZnO fabricated has an appearance of transparent in the bulk but opaque on the surface because of surface crystallization triggered by additional amount of ZnO or an insufficient fast cooling rate [35, 36] . Increase in crystalline of the samples occurs because of Zn ion acts as a weak tetrahedral network former in the formation of ZnO-SiO 2 systems which are clustered inhomogeneously forming alkali-rich regions and silica-rich regions [37] . Another possible explanation is it is due to the spatial arrangement of the molecules in the glass structure which ZnO 4 is in square planar arrangement which opposes the tetrahedral structure of the SiO 4 group and as a result the square planar structure inhabits a higher volume thus causing it to create free space and loosen the glass network [38] . There are more and more ions being opened up in the network as the addition of Zn 2+ into the glass interstices. The Zn 2+ ions occupy the interstices in the network, reducing the unoccupied free volume of the structure. Increase in crystallinity is due to the increase in melting point of the ZnO−SiO 2 samples as its melting point increase as ZnO in the system increases as shown in Fig. 4 . Besides, silica present in the system will also acts as a nucleating agent for the samples to increase in crystalline.
The FTIR of the spectrum of the samples produced in Fig. 5 clearly indicates that the absorption spectra is mainly from vibration of silicate group with different arrangement and bonding with contributing mainly in the range of 400 to about 1300 cm −1 . Silicate glass consists mainly of SiO 4 tetrahedrons which are well connected in three-dimensionally or randomly at the four corners of the structure or edges and it is not in a same in distance between each Si-O bindings, and silicate contains a vast amount of bridging oxygen's (BO's) and of non-bridging oxygen's (NBO's) ions are both formed by adding network modifiers such as ZnO [39] . In this study ZnO acts as a network former and silicate glass in general behaves independently to the content of alkali oxide added to the system and the constitution retains the tetravalent valence for the main silicon ion [40, 41] . Furthermore, it is well known that silica glass consists of a three-dimensional framework structure of SiO 4 tetrahedral and an introduction of alkali oxides which acts as a network modifier that breaks the BO's during the reaction and thus creating NBOs in the intermediate thus enhancing the formation of ZnO-SiO 2 glass ceramic [42] . These arrangements are based according to the following journals [43] [44] [45] [46] .
Next, it was found that the structure and rearrangement of silicate glass changes when some amount of ZnO is added to the system and by increasing the amount of ZnO in the glass structure, the glass matrix caused the diversification of crystallization products [47] . Hence, the formation of glass Absorbance with WRHA as a substitution for conventional silica in the formation of ZnO-SiO 2 glass is being studied. Vibration bands of ZnO-SiO 2 samples network various ranges from of 400 to about 1100 cm −1 shown in Table 4 and Fig. 5 shows the vibration bands of ZnO−SiO 2 network bands and at 420-442 cm −1 are associated with O-Si-O bending vibrations modes [43] . Next, the bands which range from 450 to 500 cm −1 are associated to Si-O-Si bending vibrations modes of the system [44] . Addition of ZnO clearly indicates a change in the change in bands system in the peak around 770-979 cm −1 which is the Si-O-Si stretching vibrations due to the motion of NBO's [45] . It can be clearly observed that as the amount of ZnO increases the peak of Si-O-Si stretching vibrations due to the motion of NBO's is much more visible and lower amount of ZnO shows a smaller peak compared to the peaks with higher ZnO. FTIR of these bands is largely influenced by the amount increase of NBO's in the system which results in structural change in the samples. Last but not least, 1038-1055 cm −1 is mainly due to the Si-O-Si anti-symmetric stretching of BO's and it does not shows any significance difference in four of the of the FTIR peaks [46] .
Optical absorption which arises from the ultraviolet region provides a significance technique to understand the electronic band structures in any materials and in these samples from the experiment, it can be clearly seen that there is a swift increase in the absorbance near the lesser wavelengths. UV "cut off" is a term used when there is a swift increase of absorption coefficient occurrence [48] . ZnO causes the increase in crystallinity, NBOs and scattering centers in the glass and glass ceramic system thus causing the increase in absorption. Next, glass fabricated would be opaque to electromagnetic radiation if these measurements are conducted beyond UV "cut off" and majority of these UV "cut off" are lesser than 200 nm [49] . In general, photon energy becomes greater than the optical band gap causes the system to be opaque and this only occurs at the valence and conduction band.
Analyzing energy band gap of the system deliver details on the structural modifications and nature of the specific sample. Not only that, the width of the localized states in the band gap which arises due to the disorder in the matrix can also be determined from the study of the optical absorption spectra [50] . Absorption spectra of the ZnO-SiO 2 samples containing ZnO are shown in Fig. 6 and these absorption edges indicates a glassy state as they are not as sharp as in crystalline state [51] . Generally, the absorption spectra must be more that 200 nm as the samples is opaque at wavelength lesser than 200 nm since at this state photon energy becomes large compared the optical band gap which occurs between valence and conduction band [49] . Absorption edge of the system is basically determined by the strength of the BOs in the systems and the changes of BO's to NBO's in the glass network will alter the characteristic of absorption edge. In general material absorbs photon light and an electron is being excited to higher energy state and the principle of the technique is that a photon with energy greater than the band gap energy will be absorbed. Two kinds of optical transitions at the fundamental absorption edge that is used which are the direct and indirect transitions and both of which involves the interaction of an electromagnetic wave with an electron in the valence band. Both of these transitions include the interaction of an electromagnetic wave with an electron in the valence band, which is raised across the fundamental gap to the conduction band [52] . Direct transition involves an electron produce the differences in energy as photon falls from the conduction band to the empty state in valance band and wave vector of electron stays on halt as it absorbs a photon. Meanwhile, indirect transitions occurs when electron in the conduction band doesn't falls directly to the conduction band and must undergo a change in momentum, therefore its wave vector and energy in the optical transition changes every time when absorption or emission happens. In this study, the absorption coefficient (α) was acquired for the samples produced using the absorption edge of different photon energies.
Next, the E opt (experimental) of the samples were calculated through the extrapolation of linear parts of (αλ/4π) against photon energy (hv) curves to (αλ/4π) = 0 is shown in Fig. 7 and E opt (from differential curve) is obtained by extrapolation of linear parts of ln(αhv) against photon energy (hv) to ln(αhv) = 0 [53] . Next, to determine the category of transition which matches well with E opt (experimental) band gap, four transition which consist of direct allow or forbidden transition where n = 1/2 and n = 3/2 while indirect allow or forbidden transition where n = 2 and n = 3 and their respective band gaps is obtained by extrapolation of linear parts of (αhv) 1/n against photon energy (hv) to (αhv) 1/n = 0 while all the obtained band gaps is tabulated in Table 5 . All the optical band gap of the samples decrease as the amount of ZnO increase and this is because ZnO is associated with glass modifier which plays a vital role in determining the optical band gap and density of the samples. As ZnO increases, the crystallinity of the samples increases, this may also cause by the increase of dangling bonds as ZnO is caused by the increase of NBOs which is confirmed in the FTIR analysis.
Comparing with the obtained band from the differential plot with optical band gap gained by various values of n, a conclusion has been drawn that the best E opt values would be for E opt which is n = 3/2. Hence, it can be concluded that the value of the optical band gap of ZnO-SiO 2 samples matches very well to the direct forbidden transition. E opt (experimental) optical band gaps can be gained from the excitation coefficient and it matches very well with the Davis and Mott relation for direct forbidden transition which its n = 3/2 and is shown in Fig. 8 [50] . Increase in network modifier in the system results in the decline of the optical band gap which resulted from the change of glass structure [54] . Not only that, shift to a higher wavelength and lower band gap energy is a result of increase in ZnO as ZnO promotes NBO concentration in these systems [55, 56] . Last but not least, the increase of ZnO in the system with increase in NBO and also firmly supported in the FTIR analysis.
Conclusion
(ZnO) x (WRHA) 1−x (x = 0.55, 0.60, 0.65 and 0.70 wt%) was symbolize by S1, S2, S3 and S4 respectively samples have been effectively fabricated and the study of influence of composition dependency on structural and optical characteristic of each sample was performed and analyzed. EDXRF of the WRHA and samples correlates with the major elements of SiO 2 for WRHA and SiO 2 and ZnO for the samples with small amount of trace oxides. XRD analysis of WRHA shows cristobalite phase while the samples S1 shows an amorphous phase and sample S2-S4 shows α-Zn 2 SiO 4 phase. FTIR of WRHA shows four peak which associates with SiO 2 while FTIR of the samples produces shows the system shows four major peaks and shows the increasing amount of NBO from sample S1 to S4. Mott-Davis method by optical absorption has been acquired to discover the optical band gap for ZnO-SiO 2 system is performed. After analysis, it can be concluded that the sample ascends from the direct forbidden transitions (n = 3/2). Thus the, E opt of the system decreases from 4.50 to 4.41 eV in increasing order of ZnO and the decrease is caused by the covalent nature of Zn-O bond. 
